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METHOD OF MAKING STRUCTURED CERABUC COATINQB AND C ATBD 
DEVICES PREPARED WITH THE BIETHOD 

The Field of the Invention 

5 The present invcnliori relates to a method for low temperature deposition of multi- 
phase nnd multi-layered coatings of ceramic compositions with hydraulic binder 
phases on substrates, which may be metals, polymers as well as ceramics. 

Background of the Invention 

1 0 Some hiocerarnics are of particular interest within orthopaedics and odontology^ e.g. 
hytlroxyapatilc, fliioroapatite» calcium phosphates, calcium carbonate and 
Dioglass*, Tliese xnaterials can also be made more or less bio-resorbable, i.e. they 
may be dissolved m the body and replaced by natural tissues. This group of 
ceramics is explored e.g. for orthopaedic metal implants coated with a surface layer 

1 5 of hydroxyapatilc, and various bone graft materials based on calcium phosphates 
and/or calcium carbonates e.g. Norian SRS® described in; ''Norian SRS versiis 
cxtcniai fbcation in rudisplaced distal radial fractures - A randomized study in 40 
patients", by P. Kopylov, K. Runnqyist, K. Jonsson and P, Aspenberg, Acta Orthop 
Scand, 1999; 70 (1) 1-5. 

20 

HioccKunics nve described in: Bioceramics by A. Ravaglioli and A. KrajewsW, 

Chapman and Hall, 1992. Hydroxyapatite and calcium phosphate coalings on 
: titanium arc out-lined in: Titanium in Medicine by D- M. Brunette, P. Tengvall, M. 

Tcxtor and P. Thomsen, Springer-Verlag 2001, ISBN 3-S40-66936-1. Artificial bone 
• ' 25 £5r<>ft materials arc described in the patent application: •Ceramic material and 

process for maimfacturing" (SE-0104441-1), fdcd 27-12-2001; and "Bioresorbable 
• ' : ceramic com positc". US 6.027,742. 

The precipitation of apatite from solutions is described e.g. in: P. Li, P. Duchcyne, 
"r 30 '^Qurisi-hiological apatite film induced by titanium in a simulated body fluid", J. 

momc d. Mater. Res., 41, 341-348 (1998); and H.B. Wen, J.Q.C. Wolke, HJ.R. de 
Wijn, Q. Liu, F.Z. Cui, K. de Groot, "Fast precipitation of calcium phosphate layers 
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on titanium induced by simple chemical treatments", Biomatcrials 18. 1471-1476 
U097). 

There is n range of established surface coating techniques, some of which arc 
5 described in Bioccramics. A. Ravaglioli och A Krajewski, Chapman and Hall, 1992, 
chnptcr 7. The most established techniques for deposition of ceramic coatings arc 
c:homical Vapour Deposition, Physical Vapour Deposition, Thermal Spraying, 
Plnsma Spraying and Electrolytic Deposition. Surface coatings may also be 
produced with powder technology. 

10 

A great disadvantage with these techniques for deposition of ceramic coatings, with 
the exception of electrolytic deposition, is the elevated temperatures involved in 
their processing. 'Hus sets limitations to the selection of substrate materials, and to 
the chemical structures and phases that can be achieved. To the disadvantage also 
1 5 co\u)ts the complexity of the required equipments, such as the gas-tight vacuum 
nrrangcmenis needed for cliemical and physical vapour deposition, and the high- 
temperature and presses required in powder technology. 

A recently developed method for the deposition of coatings based on chemically 
20 bcmdcd ceramics is described in the patent applications SE-0 104440-3, •'Coating 

iiicthod and coated devices" (filed December 2001); and SE-0200637-7, "Ceramic 

surface layers tind coated devices (Gled March 2002). These patent applications 
: (Icscribu a coaling deposition method comprising the steps: pre-treatment of 

substrate; preparation of curable slurry with hydraulic components, deposition of 
> : 25 iho slurry as a coating on a substrate and hardening of the coating through 

hydration. Alternatively, layers of non-hydrated hydraulic powders are deposited on 
^ . the substrate, and hydrated in an additional step 

Summary of the Invention 

■-. 30 The iJrescnt invention relates to a method of making stmcturcd ceramic coatings 
and coated dcvicx^s prepared with the method. More specifically, the present 
invention relates to a low temperature method for producing multi-layer or multi- 
phase (multi-structured) coatings and devices covered with such coatings, such as 
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those depicted in Kg. 1. With the technique according to tlie present mvention, 
surracc coalings with controlled variations in terms of chemical composition, phase 
coitiposition, porosity, surface roughness, mechanical properties, biocompatibiliiy, 
etc cnn be achieved. 

The present invention provides a method for producing a multi-slructurcd and /or 
multi-phased ceramic coating in one hydration step. In a basic form, said method 
comprises application of a non-hydrated ceramic component (or a mixture 
comprising at least one hydraulic component, which is prefierably a phase of 
10 calcium aluniinatc on a substrate, and on top of this layer, a layer of another 

materialp e.g. a biocompatible or bioactlve material, and curing said aggregate using 
a water-based medium. By this method, a multi-structured, a multi-phased ceramic 
coating, or a combination of the both, caii be obtained. 

1 5 The method according to the present invention can be combined with any coatixig 
method involving application of one or more non-hydrated ceramic materials on a 
substrate. Tlie method according to the present invention is also applicable if the 
applied ceramic layers arc composed of different ceramic materials or comprise 
mixtures. 

20 

The surface coating method according to the present invention is preferably used 

for producing a biocompatible coating. This biocompatible coating may sviitably be 
; usicd for producing general implants, or specifically implants for orthopaedic 

fuid dental applications. Tlie present invention also relates to a device, the surface 
:* - , : 25 of which has been coated with a biocompatible coating according to the present 

invention. The biocompatible coatings may also be used as carriers of 
: ■ - ' . t h eraxaeutically active dmgs, as well as for applications within the fields of micro- 

structure technology and tribology. 

• • » 

:S0 Brief Description of Drawings 

Fig. 1. Schematic general drawings of a) homogenous coating, b) multi-phase 
coaling, and c) nnUti-laycrcd coating, which can be achieved using the coating 
method according to the present invention. 
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Fig. 2. Scanning electron cross-scction image of double layered coaling consisting of 
o pure hydratcd cafciiim aluminale layer in contact with the substrate and an outer 
kiycr of calcixim aluminatc with 10 wt.% titania. 

5 

Detailed Description of the Invention 

The present invention relates to a low temperature method to produce surface 
coatings biised on chemically bonded hydraulic ceramics, in particular all phases of 
cnlchini aluminatc arc applicable to the invention. The present invention describes 
10 different ways of controlling the microstrueture, porosity, thickness, surface 
roughness, phase composition and biocompatibility of a coatuig system. 

The method according to the present invention allows the deposition of coating 
structures combining mechanically strong and chemically stable compounds 
1 S (primarily hydratcd calcium aluminatc) with osseocompatiblc or bio-resorbable 
compounds, such as hydroxyapatite and calcium carbonate. Coatings may be 
designed e.g. with an outer layer of the bioresorbable substance, and an inner layer 
of a hydratcd ceramic having belter mechanical properties and adhesion to the 
sulistratc. 

20 

One object of the present invention is to provide a surface coating method 
: comprisinK the steps of preparing several powder mixtures of different chemical 

composition containing at least a non-hydrated hydraulic ceramic powder binder 
phase, prc-trcatlng a substrate surface, to increase tlie adhesion between the 
: 25 substrate and the ceramic coating, applying said powder mixtures of diCTerent 
: chemtciU composition on the substrate as layers on top of each other, and 

: hydrating the different powder layers in a ctiring agent. Said non*hydrated 

: hydratilic ceramic powder essentially comprises calcium aluminate, calcium silicate 

\ or c-^lcium sulphate or mixtures thereof. 

! 30 

To produce multi-layered structures, the deposition may take place in several 
consecutive steps. A preferred version involves a first deposited layer containing 
nioinly fine-grained (less 1 )im) calcium aluminate particles, since this produces a 
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dense and mechanically strong layer in contact with the substrate. This is followed 
by additional depositions of more coarsely grained, or agglomerated dispersions 
producing rougher and pore porous layers after hydration. An outer layer is ihcn 
dcposiicd containing larger amounts of bioactive additives such as Bioglass^, 
5 hydroxy apatite or fluoroapatite. 

The present invention provides an improved coating method for coating various 
ilcviccs, sxich as medical devices, which improved coating method is related to the 
methods described in the earlier patent applications SE-0104440-3, "Coating 
10 niclhod and coated devices" (filed December 2001); and SE-0200637-7, "Ceramic 
surface layers and coated devices (filed March 2002). 

Hue lo Llic simple application technique for the powders and the low temperatures 
required for hydration, the chemical composition and the phases of compounds 
IS contained in svtch a composition, as well as the microstructure and porosity of the 
dirTcrcnt laycrs> cmi be controlled much better than with the prior art techniques. 

Throughout this application the term "biocompatibility" is used a number of times 
implyiiiR certain properties on the material or surface in question. However, it 

20 should be noted that biocompatibility is used as a generic term for the different 

j^ropcrtics that arc required or desirable for materials that are to be in contact with 
biolopjical tissues. Moreover, the materials have also to be used/prepared in the 
right way and for suitable applications. Another frequently used term is "ossco- 
compatible*', which implies that a material is especially advantageous for use in 

25 <^ontact with bone tissue. The term ''bioactive" means that a material being 
stimulntes tlic in-growth of an implant in for example bone tissue. The term 
UioglassO which is used several time in the description is a trade name for a family 
of phosphorotis glasses of good biocompatibility. 

30 Multi-Dh nsc and mt ilti-lavered c oatings 

In addition to hcimogcnous single-phase coatings, improved performance is ofien 
achieved with multi-phase and multi-layered coating systems. Reasons to use 
such coating systems may be to improve the adhesion to the substrate, to increase 



31-OCT-02 THU WSB DR LUDHIG BRANN PAT rfj FAX NO. 018 568939 P. 09/22 

018 568939 ,..v 



- - :j 1 

6 

ihc toiiglincss, hardness or biocoinpatibility; to reduce internal stresses in the 
coalings; or lo control volumetric changes during coating manufacturing. The 
concepts of multi-phase and multL-layered coatings arc illustrated by figure 1. 

5 The different phases or mdividual layers may be composed of one or several of the 
following compounds: calcium aluminates, calcium aluminate hydrates, other 
liydrnulic phases, e.g. calcium sulphate smd calcium silicate, fluorapalite, 
liyi1ro?^apatitc, other apatites, calcium phosphates, calcium carbonates, 
carbonates-apatites mixed phases, Bioglass"*, inert phases (non-hydrating phases 
10 and c^dcixim aluminate) . 

I1ic most preferred hydraulic cement used with the method according to the 
present invention is various forms of calcium aluminate. But the method is 
applicable also on other hydraulic cements, such as silicates and sulphates. 

15 

Like in metho<ls disclosed in previous patent applicadons SE-0104440-3, ''Coaling 
methud and coated devices" (filed December 2001); and Sl!:-0200637-7. ''Ceramic 
surface layers and coaled devices (filed March 2002), the method comprises the 
foJ lowing steps: 

20 

-Prc-trcaiment of substrate. 
: -Preparation of powder particles and* dispersions of these in a liquid. 

-Deposition of powders particles on a substrate surface, in single or multiple layers 
-Hydration of hydraulic component with water, water based solutions or evaporated 

: 25 water 

: However, in llic method according to the present invention the step of depositing 

: pr>wdor8 particles the substrate surface differs from the above-mentioned methods 

I in that layers of different chemical composition are applied on top of each other. 

: 30 

Pre-trcatmc nt of the s ubstrate 

1'hc substrate prc-trcatment follows the same procedures as described in SE- 
0104440-3, '-Coating method and coated devices'" (filed December 2001). 
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The prc-troatmenl step is preferably performed with wet or dry sand blasting 
generating a surface roughness with Ra-values, in the range of 0.1 lo 10,0 iim. Also 
other techniques resulting in similar random surface structures may be applicable, 

5 e.i*. etch ins processes, clecLrolytic processes or abrasive surface treatments. The 
aim of the blasting is to achieve the anchoring of the coating on the substrate. Also 
blasting with particles of hydraulic ceramics, preferably CA, is an alternative; this 
provides seed points (embedded ceramic powder or particles) for the following 
hydration of the applied ceramic powder. Optionally, but not necessary, the 

10 substrate surface may also be prc-treated with hydration accelerating compounds, 
such as LiCl or other accelerators known within the field. The purpose of the 
protreaiment with such an accelerator is to initiate the hydrating process in a 
controlled way directly on the substrate surface, whereby porosity, cracking etc. is 
avoided at the coaling/ substrate interface. 

15 

The substrate used is according to the present invention Ti or alloys thereof, 
stainless steel, Co-Cr alloys, another biocompatible metal, polymeric or ceramic 
maierial, or «uiy combination thereof. 

20 Pi'o pfirfltio n of p owde r mixtures and dispersions of these 

Preparation of the powder particles involves creation of a selected composition, 
phase structure and groin size of the hydraulic cement, which is preferably calcium 
aluminate or calcium silicates. In a basic form of the present invention, the ceramic 
powder comprises only hydraulic grains of calcium aluminate, of which several 

25 stoidiiomeTries exist. Powders consisdng of C3A, CiaAr^ CA, CAa and CAe, where C 
stands for CaO and A for AI3O3, arc all applicable to the present invention. Such 
powders are com mercially available products. 

Smd surface coating method may optionally comprise the step of preparing a 
30 powder mixture comprising adding particles or powder of one or more biocompatible 
or bioactivc materials composed of paiticles or powder of one or several phases 
containing phosphates, flou.oridos or carbonates, calcium carbonate, calcium 
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phosphalc. apatite, fluoroapatitc, carbonates- apatites, hydroscyapatite and 

In adflilion to the hydraulic component and the additives controlling the formation 
5 of apatites and carbonates, the powder mixture may also contain additives 
coiitvoUing mechanical properties, expansion, curing time, etc. 

A non -hydraulic, i.e. non-hydrating, filler may be added as described m our co- 
pending Swedish patent application SE-0 104 441-1 with the title "Ceramic 

10 material tuid process for manufacturing". The non-hydraulic fdler may comprise 
calcium titnnaic or any other tcmaiy OTudc of pcrovskite structure according to the 
formula ABOj, where O is oxygen and A and B arc metals, or any mixture of such 
tc-mary oxides. A in the pcrovsWte structure is selected from the group comprising 
Mg, Ca, Sr or Ba, and that the B in the pcrovskite structure is selected from the 

1 5 group comprising TS, Zr, or Hf. The non-hydraulic fiUcr should be present in an 
amount nflcss than 30 vol,%, preferably less than 10 voL% of the total voUime of 
Iho ceramic inj^rcdicnts. But, all material compositions disclosed in said application 
filso apply as coating materials in the present invention. 

20 AhiO, the expansion controlling additives described in the patent application 

PCT/SK99/0 1 803, '"Dimension stable binding agent systems", arc relevant to Ihc 

; 5 present invention, primarily calcium silicates and fumed silica (very finely grained 

: silicH). 
* 

. : 25 The surface coating method according to the present invention may also optionidly 

. : ijiclude removing residual water and/or organic material in the powder material. 

According to the present invention the surface roughness and porosity are 
\ : controlled by the choice of particle sisse of the powder/parlicle mix. Thus, the 

' ' 30 jncthod according to the present invention optionally comprises reducing the 
IDowdcr grain size. Small grain sizes allow for smoother coatings and for even 
coverage of micro-structured surfaces. When these properties are required, the 
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powder gmin si;5C is prererably below 10 pm and mor pref rably between 0.1 and 3 
|irn, T^i'gcr grains &md ngg^omemtcd grains also produce more porous coatings. 



IhG applied noji-hydrated ceramic layer/layers may also be compacted prior to the 
5 final hydration. Such compacting can be achieved by using cold isostnlic pressing 
(CIP), hot isostatic prcs^i^ing (I IIP), or by passing a laser beam across the surface. 
After the compaction step, the degree of compaction of the powder layer is increased 
between 30 and 80 % and the porosity reduced lo 30-45 vol%. 



to According to the }> resent invention the surface roui^mess is also controlled by Ihc 
choice of disq>crston liqiiid for the particle mix. Dispersion liquids of relevance are 
water, alcohols, oils, acetone, other hydrocarbons, plastici2ers» etc. Properties of the 
liquid to consider aix; viscosity, vapour pressure, dispersion efTects as well as 
wettability to powder particles and to ssubstrale. Water or water-based solvents learl 

IS tf> an immediate start of the hydration. Non-water solvents are combined with post- 
corin/^, mc^uiing that the actual curing is performed in a separate step* 

nth^^nol produces smoollaer surfaces than acetone due to belter dlspers3oj\ ability* 
Por water-based liquids, the surfaces structure is controlled by the use of water 
20 dissolvable cU«spei*sing agents (md plasticisers. 

For the creation of multi-layered coatings, powder mixtures of different composition 
-.: and solvents may bo prepared for deposition in Mveral subsequent steps. 

25 Opllonally, a component which accelerates or retards the hardening process may be 
- : added to the cuniig agent or the powder material in order to enhance adhesion to a 

. : substrate. 



Dcoosii ion of nowdcra particles on substrate surface 
] : 30 1'hc powder-solvent mixture is applied to the substrate as one or several thin layers. 
Vorimis deposition techniques may be used, e.g. dipping, spraying, etc. All 
dcpositi<»n techniques described in our co<»pending Swedish patent app1ic»ition SE- 
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0'^00637-7. "Ceramic surface layers and coated devices (filed March 2002) m-e of 
rclcvnnce Lo the pre&cnt Invention. 

Tlic applicntion of the powder material on the substrate surface is performed by a 
5 thcrmnl spray tcclinique, PVD or CVD deposition techniques, or applied as a tape 
prepared by tape casting. 

The thiclmess of the coatirig is controlled either by the particle size, the dispersion 
of the particles and tlie powder-to-solvent ratio. For thick coatings multiple dipping 
10 or spraying can be performed. 

AfUrr dcposiLion of the particle mix, the solvent is evaporated. The evaporation may 
bo performed by letting the parUclc mixture stand at room temperature in normal 
airnosphere, but the evaporation process is accelerated at higher temperatures. 

15 

The depoHiicd surface coating according to the present invention has a thtelaiess in 
the order of 0. 1-500 pm, and preferably less than SO \xm. 

r^^ Rt'hvdr ation 

20 I hc most relevant procedure of the present invention to cure the deposited p?.inicle 
layer or layers is by post-hydra tion in a separate step in a water solution, water 
vapour or an atmosphere of controlled humidity. 

Ali^o the temperature affects the curing procedure* Most relevant for tlie invention 
- 25 Lire temperatures between O^'C and 100**C, Preferably, the curing is performed in the 
: rnngc of aO'^C to 70*^0. 

: Coittin gs and co ated de?vic es 

• In one embodiment of the method according to the present invenUon a 

: 30 biocompatible coating is achieved comprising a binding layer in contact with the 

substrate comprising mainly calcium aluminate particles of less than 2 pm, a bulk 
layer comprising nuiinly calcium aluminate having a grain size between 3 and 30 
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urn , find an outer layer comprising a bloactivo material, preferably calcium 
phosphate, apatite, calcium carbonate or calcium fluoride. 

The biocompatible coatings may also be used as carriers of therapeutically active 
S drugs. 

The present invention also relates to a surface coated dcviecp comprising a 
substrate and n surface coating covering at least a section of ihc substrate surface, 
wherein the svirfacc coaling is the biocompatible surface coating made by using the 

10 surface coating mclhod according to Uie present invention and the substrate is Ti or 
alloys thereof, stainless steel, Co-Cr alloys, another biocompatible metal, polymeric 
or ceramic material, or any combination thereof. The surface coated device may be 
a medical device, medical device for implantation, artificial orthopedic device, spinal 
implant, joint implant, attachment element, bone nail, bone screw, or a bone 

15 reinforcement plate. 

EXAMPLB 

The surface of a stainless steel substrate, in the form 50 mm long and 4 mm in 
diameter rods, were pre-lrcatcd by sand blasting with 90 mesh aluminum oxide gjcit 
20 to a surface roughness of Ri between 0.6 and 0.7 pm. 



A calcium aluminate powder from Lafarge Aluminates, Ternal Wliitc® was sclccLed. 
Tliis is a ctilci\im aluminate with a ratio of AI2O3 and CaO of about 70/30. However, 
: iMiy other similar calcium aluminate powder is also possible to use for the same 

25 purpose. 

« • 

•.: The grain sixc of the calcium aluminate powder was reduced my ball milling. The 

milling reduced tlio size of 90% of the grains to less than 10 pm. The milling was 
performed with a rotating cylindrical plastic container using 10 nmi in diameter 
30 silicon nitride spheres as milling medium. The milling liquid was iso*propanol. The 
loial milling lime was 72 hrs. 
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Aflcr mining, tlic miUing bodies were removed by sieving and ihe alcoh 1 was 
cvnpormcd. Thereafter the milled powder was burnt at 400^C for 4 hours, to remove 
ony residual water aiid organic contamination. 

5 As the bioaclivc component, hydroxyapatite from Merck with an average grain size 
ol 5 um was selccrcd. 

Kor the application of a graded coating, two different slurries were prepared. Tlic 
nr«t sluriy. A, consisted of the milled calcium aluminatc powder and ethanol mixed 
1 0 with in ration 1 : 1 by weight. Kor a second slurry, B, a powder mixture of the same 
calcium aluminatc powder was first mixed 1: 1 by weight with hydroxyapatite. This 
combined powder was mixed in ratio 1:1 by weight with ethanol. 

The first layer was applied by dipping the substrate in slurry A, whereafter the 
1 5 clhnnol was evaporated in air. The second layer was applied by spraying slurry B on 
ioi> of the first dried layer. Finally, the ethanol from slurry B was evaporated in air. 
The dried powder layers remained as a weakly cohesive multi-layered structure, 
covering the entire substrate. 

20 Thereafter, the samples were hyd rated in an upright position in a closed container 
with a layer of de-ionised water at the bottom at a temperature of 37 "*C, leading to 
a s.iturated water vapour environment> for 3 days. 

The procedure creates a two-layered structure of about 100 |im in total thickness. 
25 The inner coating is about 30-60 \xm in thickness and consists predominately of 
calcium aluminatc hydrates together with small amounts of non-hydraled calcium 
aluminalcs grains. The thickness of the outer layer is between 40 and 70 jim, mid 
c ontains largely unaffected hydroxyapatite grains in a matrix of predominately 
cnlcium aluminatc hydrates witli traces of non-hydrated calcium aluminatc grains- 



30 
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1 , Mctliod of coaUnts a subsUatc surface comprismg the steps of: 

-preparing several powder mixtures of different chemical composition, 
wherein at least one of said mixtures comprise a non-hydratcd hydraulic 

ceramic powder binder phase, 

-pre-treating the surface of a substrate, to increase the adhesion bciwcen the 
substrate and the ceramic coaling* 

-applying layers of said non-hydrated powder mixtures on top of eacla other 
on the substrrttc, and 

-hydrating the different powder layers utiliang a curing aficnt. 

2. Method of coating a substrate surface according to claim 1. characterised in 
that the step of preparing a powder mixttire further comprises adding 
particles or powder of one or more biocompatible materials composed of 
particles or powder of one or several phases containing phosphates, 
nouorides or carbonates, calcium carbonate, calcium phosphate, npaUto. 
fluoroapatite, carbonates-apatites, hydroxyapatite and phosphorous gUtsses 
of good biocompatibility. 

3. Method of coating a substrate surface according lo any of the preceding 
claims, characterised In that it fturthcr comprises the step of adding a non- 
hydraulic rUlcr comprising calcium titanate or any other ternary ojdde of 
perovsiate structure according to the formuU ABO3. where O is oxygen and A 
and B arc metiils. or any mixture of such ternary oxides, said filler being 
present ui an amount of less than 30 vol.%. preferably less than 10 vol.% of 
the tolftl volume of the ceramic nigredicnts. 

4. Method of coating a substrate surface according to any of the preceding 
claims, characterised to that the step of preparing a powder mixture 
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includes reducing the powder grain sixe, preferably such tiiat il is below ] 0 
Jim and more preferably between 0.1 and 3 pm. 

5. Method of coating a substrate surface according any of the preceding claims, 
characterised in that the prctreatixient of the substrate is performed by 
bInsUng its surface with hard particles. 

6. Method of coating a substrate surface according to any of the preceding 
claims, characterised by the step of embedding fragments or powder of a 
hydraulic ceramic, preferably of calcium aluminate in the substrate surface. 



7. Method of coating a substrate surface according lo claim 6. characterised In 
that Ihc embedding is performed by blasting the substrate surface with 
fragments or powder of a hydraulic ceramic, preferably with calcium 

1 5 aluminate. 

8. Method of coating a substrate surface according to any of the preceding 
claims, characterised In that a pretreatment of the substrate surface lo a 
surface roughness in the rajigc of R, 0.1 to 10.0 Mm is performed before 

20 deposition of the powder mfac. 

9. Method of coating a substrate surface according to any of the preceding 
claims, characterised by the step of pre-treating the substrate surface with 
an accclerator-agcnt for accelerating the hardening process. 



10. Method of coating a substrate surface according to any of the preceding 
cUunis. characterised In that the powder layer is applied by a thermal spray 
technique, PVD or CVD deposition techniques, or applied as a tape prepared 
by tape cnsting. 

1 1. Method of coating a substrate surface according to any of the preceding 
claims, characterised in that the appUed non-hydrated ceramic powder 
layer/ layers arc compacted prior to the final hydration. 



31-OCT-02 THU 17:01 DR LUDHIG BRANN PAT m FAX NO. 018 568939 P. 18/22 

818 568939 . ■ ' X 



15 



J2.Mcthotl of coating a substrate surface according to claim 11, characterised 
in that the compacting is achieved by vising cold isostatic pressing (CIP), hot 
isostatic pressing (HtP). or by passing a laser beam across the surface. 

5 

13. Method of coaling a substrate surface according to claim 12 or 14. 
characterised in that the degree of compaction of Uie powder layer is 
increased between 30 and 80 % and Ihc porosity reduced to 30-45 vol%. 

10 H. Method of coating a substrate surface according to any of the preceding 

claims, chaiactertsed in that it lUrther comprises the step of adding a 
dispersing ngent to Uje powder material, e.g. selected from the group 
comprising water, alcohols, oils, acetone, other hydrocarbons, and 
pkisticiTiers. 

15 

1 5.Metho<1 of coating a substrate stirfacc according to any of the preceding 
claims, characterised in that the step of curing comprises using a curing 
ngcnt in llic form of a liquid or a gas. 

20 1 6. Method of coaling a substrate surface according to any of the preceding 

claimi?, characterised in that the curing agent is a water solution or water 
vapour. 

17. Method of coating a substrate surface according to any of the preceding 
25 claims, charactwised In that the step of hardening the ceramic coaling 

comprises addition of a component which accelerates or retards the 
hardening process. 

18. Method of coaling a substrate surface according to any of the preceding 
30 claims, characterised in that the step of hardening comprises controlling 

the temperature to be in the range of O'C to lOO'C, preferably in the range 
20*C to 70'C. 
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19. Method of c aling a substrate surface according to any of the preceding 
claims, characterised In that the deposited coating has a thickness in the 
order of 0. 1 -SOO iim, and preferably less than 50 \un. 

20. Mclliod of coating a substrate surface according to any of the preceding 
claims, characterised in that the non-hydrated hydrauUc ceramic powder is 
essentially calcium aluminate, calcium silicate or calcium sulphate or 
niixtxires thereof. 

2 1 . Method of coating a substrate surface according to any of the preceding 
claims, characterised in that the substrate is Ti or allays thereof, stainless 
steel, Co-Cr alloys, another biocompatible metal, polymeric or ceramic 
material, or any combination thereof. 

22. Biocompatible coating, chuacterised in that the coating comprises 

a binding layer in contact with the substrate comprising mainly 
calcium aluminatc paiticles of less than 2 pm, 

a bulk layer comprising mainly calcium aluminate having a grain sisse 
between 3 and 30 iim . and 

an oulcr layer comprising a bioactive or biocompatible material, 
preferably calchim phosphate, apatite, calcium carbonate or calcium 
fluoride. 

23. niocompaliblc coating according to claim 22. chaneterised in that the 
coating is capable of carrying drugs. 

24. Surface coated device, comprising a substrate and a surface coating covering 
at least a section of the substrate surface, chamcteriscd in that the surface 
coating is a biocompatible surface coating made by using the method 
according to any of the claims 1-21. 



-OCT-02 THU n:02 



DR LUDMIG BRANN PAT 

018 568939 



FAX NO. 018 568939 



P. 20/22 



17 



25. Surface coated device according lo claim 24. cliaract rtaed In that the 
substrate is Ti or alloys thereof, stainless steel. Co-Cr alloys, another 
biocompatible metal, polymeric or ceramic material, or any combinaUon 
thereof. 

26. Surface coated device according to any of the claims 24 to 25, characterised 
in that it is u medical device, medical device for implantation, artificial 
orlhopc<Uc device, spinal implant, joint implant, attachment clement, bone 
nail, bone screw, or a bone reinforcement plate. 

27 . Surface coated device according to any of the daims 24 to 26, dMiaeterlaed 
m that the surface coating is the biocompatible surlace coating according to 
claim 22. 
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Abstract 

The invcnlion describes a low temperature method for producing multi-layered or 
mulii-phaacd contings- With the technique according to the present invention, 
surfiicc coatinijs with controlled variations in terms of chemical composition, phase 
composition, porosity, surface roughness, mechanical properties, biocompatibility. 
cic can be achieved. The method of coating a substrate surface comprises the steps 
of preparing several powder mLxturcs of different chemical composition containinR 
at least a non-hydroted hydraulic ceramic powder binder phase, pre-treating a 
sv,b«lratc surface, to increase the adhesion between the substrate and the ceramic 
co.'itiiig. applying said non-hydrated powder mixtures of different chemical 
composition on the substrate as layers on top of each other, and finaUy. hydrating 
the powder layer:* in a curing ^cnt. 
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Figure 1 



ti) fiomogenous coating b) Multi-phase coating c) Multi-layered coating 




Substrate xo:':- Substrate i-:":':';': Subiitratc 



Figure 2 



